Abstract. 2014 At first, a brief historical sketch of the development of in-situ experiments in electron microscopes is made. Next, the merits of use of high voltage electron microscopy (HVEM) for carrying out in-situ experiments, and four types of effort made to improve the in-situ HVEM are described. Then, advantages of a newly developed STEM-mode HVEM of Nagoya university and possible applications of it are discussed. As for the applications of in-situ experiments made so far by the author's group, the research subjects particularly related to the studies of behavior of lattice defects are referred, and the results obtained on the mobility of edge and screw dislocations in bcc metals and alloys, and those on the temperature dependence of stacking-fault energies in fcc metals and alloys are illustrated. Further improvements and new fields of application of the in-situ HVEM are suggested.
Idea of in-situ experiment itself is nothing new. It stands on our hope to understand more in detail a particular phenomenon in nature by reproducing it hopefully in the analytical system being used in our laboratory to study the origin, process and mechanism of the phenomenon. This idea has been applied to study dynamic phenomena of great interest in various branches of science and technology. Microscopy has been one of the fruitful branches of its application.
Since 1960, about 60 high voltage electron microscopes (HVEMs) of maximum accelerating voltage higher than 500kV have been constructed in the world. By the development of these HVEMs, transmission observation of thick foil specimens of the order of am thick became possible [1] [2] [3] and facilitated in-situ observations of behavior of lattice defects [4] [5] [6] [7] [8] [9] and other structural entities as well as in-situ observations of radiation damages caused by high energy electrons and ion irradiation [10, 11] . However, it should be recognized here that in the case of the behavior of, for instance, lattice defects like dislocations which accompany widely spread lattice strain, the density of defects and the behavior of them change greatly when one uses a thin foil specimen of the thickness of less than a critical value [12, 2, 7] . This is a big reason why HVEM is required to be developed.
In-situ experiments in HVEM.
In the course of the development of HVEMs, various specimen treatment devices [13, 8] were constructed and a variety of specimen treatment could be applied to the specimen being examined in a controlled manner in a HVEM and the phenomenon being induced by such treatment could be observed directly.
In 1967, a TV-VTR system was introduced to HVEM in-situ experiments for the first time as an image recording system by our Nagoya group [4, [14] [15] [16] and continuous fast recording by this system of the images of dislocations moving under a controlled stress-strain condition was initiated [4, 6, 7, 17] [6, 7, 17, 18] . Of course, some size effects may be found, so that absolute values of load and elongation measured with a thin specimen may differ somewhat from those measured with bulky specimens and the accuracy of the measurement of cross-sectional area of the specimen for obtaining the applied stress is not so high as compared with bulky specimens, but even so, the technique described in the references [5] and [6] is good enough to mâke a direct correlation between the moving dislocation and the stress-strain state of the specimen with a reasonable accuracy. Figure 1 indicates a schematic representation of a complete assembly for carrying out HVEM in-situ straining experiments. [13] . Figure 3 illustrates schematic drawings of a low temperature in-situ straining device (a), and an in-situ fatigue testing device (b) developed by the author's group [19] . 2) the second is to improve the resolution of in-situ electron microscopy. This includes the improvement of time-and space-resolution of a dynamic recording system [20, 21] (brightness and resolution of fluorescent material and TV-VTR system [20] ), and application of various high-resolution techniques [20, 21] A HV-STEM, whose maximum accelerating voltage is 1250kV and which equips an EELS analyzer, was constructed by the group of Nagoya university with a cooperation of Hitachi Ltd. Figure Fig [21] . 4 . Application of high time-and space-resolution techniques.
As for the studies necessitating high time-resolutin, the introduction of TV-VTR system to HV insitu experiments by our group [5] enabled us to record at the speed of 30 frames/sec (60 fields/sec) dynamic behaviour of dislocations continuously and useful results were obtained in the following subjects: (a) mobility of edge and screw dislocations in bcc metals and {3 CuZn [23] . Figure 7 illustrates mobility data (dislocation velocity versus resolved shear stress) obtained by observing directly moving dislocations, and [7, 23] , (c) interactin of a moving dislocation with obstacles like forest dislocations, cell wall, interstitial atoms, precipitates and nonmetallic inclusions etc. [17, 24] , (d) formation mechanism of anomalous slip in purified bcc metals [17, 25, 26] , (e) visualization of dislocation motions such as flip-flop motion of edge dïpoles, shuttling motion of dislocations and formation of wall structures under' alternating stress [17, 19] , (f) mechanism of crack propagation and observation of dislocation free region in front of propagating microcrack in iron [27] , (g) dislocation velocities during creep deformation [28, 29] . As for the studies necessitating high-space resolution: (a) temperature dependence of stacking fault energies in Cu, Ag, their alloys (cf. Fig. 8 ) [30] , (b) segregation of solute atoms to extended dislocation in fcc alloys [31] , (c) non-conservative motion of extended jogs along a dissociated dislocation [32] , (d) formation mechanism of a helical dislocation from an extended dislocation [33] , (e) mechanism of climb motion of an extended dislocation [32, 33] , (f) irradiation induced segregatin of solute atoms to dislocations [33] , (g) formation of blister-like defects in Al under a high dose of electron bombardment using an environmental cell containing air [34] , (h) crystallization process of amorphous materials and amorphizatin of crystalline materials under electronirradiation [35] , (i) atomic structure of solid-liquid interface in InSb [36] 
